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New aromatic diimide fluorescent dyes have been prepared with potential 
for use as chemical sensors and in chromogenic polymers.  These dyes 
have been designed to utilize excited state electron transfer reactions as 
the means for sensing chemical species.  For example, an aniline end-
capped anthryl diimides functions effectively as an “on-off’ sensor for pH 
and the detection of phosphoryl halide based chemical warfare agents, 
such as Sarin.  In the absence of analytes, fluorescence from this dye is 
completely quenched by excited state electron transfer from the terminal 
amines.  Reaction of these amines inhibits electron transfer and activates 
the fluorescence of the dye.  Another substituted anthryl diimide is 
presented with the capability to detect pH and nitroaromatic compounds, 
such as TNT.  Films prepared by doping small amounts (less than 0.1 
weight percent) of several of these dyes in polymers such as linear low 
density polyethylene exhibit thermochromism.  At room temperature, these 
films fluoresce reddish-orange. Upon heating, the fluorescence turns 
green.  This process is reversible – cooling the films to room temperature 
restores the orange emission.   
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Use in Smart Films and Fibers
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High conductivity polymers and 
composites for radiators and heat 
exchangers









• Nanocomposites (clay, graphene)
• Nanotube based composites
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Organic Materials for Molecular Sensors
Technology Background
Fluorescence based methods are 
highly sensitive for the detection of 
chemical and biological species and 
can be used for the determination of 
strain and/or degradation in materials.























Developed route to novel diimide
 
materials 
with potential use in molecular sensors, 
electronics and electroluminescent devices
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Fluorescent Sensor for pH and Chemical Warfare 
Agents
























Has Potential as Strain Sensor
Red Luminesence
 
in Solid State Due to Exciplex
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Clean, high yield route to fused 
6-membered rings
9 Regio- and stereospecific
• Not applied to polymer synthesis
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1 2 (X=CO2Me, Y=H)
3 (X=Y=CO2Me)
hν
Ar Ar’ X Y 2 3
Ph Ph MeAcry E H 25+56
Ph Ph Me2Fum E E 86
4-Me 4-Me MeAcry E H 90
4-Me 4-Me Me2Fum E E 82
4-OMe 4-OMe MeAcry E H 75
4-OMe 4-OMe Me2Fum E E 86
4-OC12H25 4-OC12H25 MeAcry E H 80
4-OC12H25 4-OC12H25 Me2Fum E E 80
4-CN 4-CN MeAcry E H 97


























% Conversion of 1

































formation is 1:1 →
 
Maximum theoretical quantum yield 
for monoadduct
 
formation is 0.5 
Φ
 
= moles of photoproduct
Einstein of light































Reflux, 18h Ar X Y 3 4
Ph E H 90 96
Ph E E 100 80
4-MeOPh E H 87 81
4-MeOPh E E 80 80
4-FPh E H 89 72
4-FPh E E 68 70
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1. p-TsOH/Toluene, reflux, N2
















diimides are used in a wide array of materials, including electron 
transfer systems, liquid crystals, photovoltaics, and fluorescent sensors.
•
 




focused on linear 
derivatives –
 
commercial availability of dianhydride.
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Difference in emission color due to the formation of excited state complexes 
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X = H, OCH3, CN
R = n-C8H17, Ph, 4-MeOPh, 4- (C6H13O)Ph, 4-NO2Ph
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X = H, OCH3,
Y = H, OCH3, CN
























Effect of Solvent on Fluorescence Quantum Yields

































































































































































X, Y = H
X, Y = OMe
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Low Temperature Emission Spectra 


































































































Provides Platform for Charge 































of the NH2 prevents charge transfer, activates 
fluorescence
• Potential use as:
9 sensor for pH, chemical agents (nerve gas)
9 polymer cure monitoring
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Sensor Effective for Both Liquids and 
Vapors
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Provides Platform for Charge 




































































Enables attachment of substituents to imide N that might be photosensitive, 
e.g., pyridyl groups
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Absorption and Emission Spectra 
in Toluene and 1,2-Dichloroethane
Φf
 













Effect of Solvent Polarity on Emission Spectra
Wavelength, nm
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Stern Volmer Quenching with 2,4-DNT
[Q], M













Fluorescence Quenched by  
Nitroaromatics
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Fluorescence Inhibited by Addition
 of Acids



























Addition of TFA protonates
 
amine and inhibits charge transfer
Excitation at 400 nm
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Aggregate Formation in Solid State is Evident
 in X-Ray
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Increased Loading Levels Lead to Red Shifted 
Emission
Emission Spectra in Polystyrene
Wavelength, nm
























Suggests formation of dye aggregates in the polymer
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TPAA Doped Films Exhibit Thermochromic
 Behavior
Effect of Temperature on Emission Spectra of Dye Doped LLDPE
Wavelength, nm



























• Aggregation disrupted at higher temperatures –
 
blue shift
• Process is reversible
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Stretched Films of 0.18 wt. % 
BCMDB and BCMB in LLPE
PL Spectra of 0.2 wt. % BCDMB/LLPE Film 
as a Function of Temperature 
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Polymer Films and Nanowires
 



















































































































































































•Small size, power-efficient flexible electronic circuitry for space exploration applications
•Communications and data storage circuitry that can be interwoven
 
into clothing and other    
surfaces














SEM image of nanofiber 
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The electrical conductivity of
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Electrospun Pentacene/PEO Fiber (vacuum)
20 August 2007
VDS (V)
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Twistacenes
 Wudl, F. et al Org. Lett. 2003, 5, 4433-36
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Twistacenes
Effect of added TBH on intensity of 
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Increasing number of 
benzene rings 





Adding pendant groups 
improves stability and 























































































































Incorporation of these dyes into polymers has the 
potential for making “smart”
 
films, fibers, and 
composites
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